HMGA2, CDK4, and JUN genes have been described as frequently coamplified with MDM2 in atypical lipomatous tumor, well-differentiated liposarcoma, and dedifferentiated liposarcoma. We studied the frequency of amplification of these genes in a series of 48 dedifferentiated liposarcomas and 68 atypical lipomatous tumors/well-differentiated liposarcomas. We correlated their amplification status with clinicopathological features and outcomes. Histologically, both CDK4 (P = 0.007) and JUN (P = 0.005) amplifications were associated with dedifferentiated liposarcoma, whereas amplification of the proximal parts of HMGA2 (5′-untranslated region (UTR) and exons 1-3) was associated with atypical lipomatous tumor/well-differentiated liposarcoma (P = 0.01). CDK4 amplification was associated with axial tumors. Amplification of 5′-UTR and exons 1-3 of HMGA2 was associated with primary status and grade 1. Shorter overall survival was correlated with: age 464 years (P = 0.03), chemotherapy used in first intent (Po0.001), no surgery (P = 0.003), grade 3 (Po0.001), distant metastasis (Po0.001), node involvement (P = 0.006), and CDK4 amplification (P = 0.07). In multivariate analysis, distant metastasis (HR = 8.8) and grade 3 (HR = 18.2) were associated with shorter overall survival. A shorter recurrence-free survival was associated with dedifferentiated liposarcoma (Po0.001), grade 3 (Po0.001), node involvement (Po0.001), distant metastasis (P = 0.02), recurrent status (P = 0.009), axial location (P = 0.001), and with molecular features such as CDK4 (P = 0.05) and JUN amplification (P = 0.07). Amplification of 5′-UTR and exons 1-3 (P = 0.08) and 3′-UTR (P = 0.01) of HMGA2 were associated with longer recurrence-free survival. Distant metastasis was associated with shorter recurrence-free survival (HR = 5.8) in multivariate analysis. Dedifferentiated liposarcoma type was associated with axial location, grade 3 and recurrent status. In conclusion, we showed that the amplification of HMGA2 was associated with the atypical lipomatous tumor/well-differentiated liposarcoma histological type and a good prognosis, whereas CDK4 and JUN amplifications were associated with dedifferentiated liposarcoma histology and a bad prognosis. In addition, we also provided the first description of the molecular evolution of a well-differentiated liposarcoma into four successive dedifferentiated liposarcoma relapses, which was consistent with our general observations.
Atypical lipomatous tumor, well-differentiated liposarcoma, and dedifferentiated liposarcoma are the most frequent types of liposarcomas. Atypical lipomatous tumor refers to surgically amenable tumors located in the limbs or the trunk, whereas well-differentiated liposarcomas are intra-abdominal or retroperitoneal lesions. 1 Those tumors are locally aggressive but do not show the potential for metastasis unless they undergo dedifferentiation. 'Dedifferentiation,' defined as the transition from atypical lipomatous tumor/well-differentiated liposarcoma to a nonlipogenic and often high-grade liposarcoma, occurs in~10% of atypical lipomatous tumors/welldifferentiated liposarcomas. Cytogenetically, atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma are characterized by supernumerary ring or giant chromosomes made up of 12q14-15 amplification including the MDM2 gene. Other variable chromosomal regions are generally coamplified. 2 Dedifferentiated liposarcoma may carry additional genetic abnormalities when compared with atypical lipomatous tumor/well-differentiated liposarcoma, 3 suggesting that atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma represent an original model of sarcoma transformation. 4 MDM2 is considered as the driver gene of the 12q amplicon as it is amplified and expressed in 100% of cases. 5, 6 The detection of MDM2 amplification helps to distinguish atypical lipomatous tumor/well-differentiated liposarcoma from benign lipomatous tumors and dedifferentiated liposarcoma from other pleomorphic malignant proliferations, although MDM2 amplification can be observed in other malignant tumors. 7 MDM2 amplification leads to the inactivation of TP53, which is rarely mutated in those tumors. 8 The pathogenesis of atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma might also be linked to several molecular events in addition to the inactivation of TP53 such as the frequent amplification of HMGA2, 5, 6 CDK4, 6, 9 and FRS2, 10 as well as other genes located nearby MDM2. These genes are probably not only passive passengers of the amplicons but may also have a crucial role in the genesis and progression of these tumors. HMGA2 is expressed during embryogenesis but not in normal adult tissues. It regulates transcription through DNA architectural modifications and interacts with other proteins of the enhanceosome. Its overexpression in benign and malignant tumors indicates oncogenic properties. 11 CDK4 phosphorylates RB1 (retinoblastoma protein 1) and is implicated in the G1-S checkpoint of the cell cycle. 12 CDK4 is frequently but not systematically coamplified with MDM2 in atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma. 9 Among the mechanisms that have been reported to be involved in atypical lipomatous tumor/ well-differentiated liposarcoma dedifferentiation, the amplification of JUN (1p32) or MAP3K5 (6q23.3) (that encodes a kinase acting upstream of JUN) has been suggested because of a correlation between JUN amplification and dedifferentiated liposarcoma histotype. 13, 14 Remarkably, JUN can regulate the activity of transcription factors involved in adipogenesis. However, a systematic link between inhibition of adipocytic differentiation and JUN amplification was not confirmed. 15, 16 Our aim was to assess the frequencies of HMGA2, CDK4, and JUN amplification, as well as the prognostic value of these amplifications in a large series of liposarcomas. In particular, we explored the quantitative status of intra-and extraexonic parts of the HMGA2 gene. In addition, we provided the detailed evolution of the amplification of these genes over a 15-year dedifferentiation process in the primary well-differentiated liposarcoma and recurrent dedifferentiated liposarcomas from the same patient.
Materials and methods

Patients and Samples
We have identified 116 MDM2-amplified cases among 210 formalin-fixed and paraffin-embedded samples of liposarcomas (Supplementary Table 1 ). These tumors had been submitted to our laboratory between July 2006 and January 2012 for molecular cytogenetic analyses because they were suspected to be atypical lipomatous tumors/well-differentiated liposarcomas/ dedifferentiated liposarcomas. Pathological evaluation had been made by pathologists who are experts in sarcomas from 13 French centers. Differentiation of tumors and surgical margins were defined according to the French Sarcoma Group grading 17 and the surgical staging system of Enneking et al, 18 respectively. Clinicopathologic data were collected from medical records and from the European sarcoma database and tumor bank 'SarcomaBCB Conticabase' (https://conticabase.sarcomabcb.org/). Tumors located in the limbs were designed as peripheral, and the others as axial. This study was approved by the boards of the participating institutions. For simplification, atypical lipomatous tumors and well-differentiated liposarcomas were grouped under the term atypical lipomatous tumor/well-differentiated liposarcoma.
Molecular Cytogenetic Analysis
Bacterial artificial chromosomes were prepared as FISH probes for HMGA2 (Figure 1 ), CDK4, and JUN (Table 1) according to standard procedures. 19 Genomic amplification was defined as the presence of at least 10 fluorescent signals (grouped in clusters) per cell in ≥ 1% of cells. Genomic gain was defined as the presence of an average of~3-9 fluorescent signals evaluated in the same conditions. Microscopic analysis was performed using a DM6000B microscope (Leica Microsystems, Wetzlar, Germany) by two independent observers in a blinded manner.
HMGA2: a prognostic biomarker in liposarcomas E Saâda-Bouzid et al FISH images were processed using the ISIS software (Metasystems, Altlussheim, Germany).
Comparative genomic hybridization on arrays (a-CGH) was performed in seven cases (07T082, 09T033, 09T098, 10T542, 10T543, 11T1030, 11T1024) to complete the FISH data and in the primary and four successive recurrences of case 74. Male and female human genomic DNA (Promega Corp., Madison, WI, USA) was used as the control DNA. Following hybridization, washing, and drying steps, the microarray slides were scanned at 3 μm resolution, using the Agilent SureScan (Agilent Technologies). Features were extracted from the scanned images and analyzed using Cytogenomics software (version 2.5.8.11; Agilent Technologies) using the aberration detection method-2 algorithm. Thresholds were set at a minimum of 3 probes and 0.25 average log ratios. Raw data have been submitted to Gene Expression Omnibus database (http://www.ncbi.nlm.nih.gov/ geo/) with the reference GSE64597. Gene amplification was defined by a log ratio 41.1 and genomic gain was defined by a log ratio between 0.2 and 1.1.
Immunohistochemistry
Immunohistochemical analysis was carried out in 44 cases for CDK4 (clone DCS 31; Biosource International, Camarillo, CA, USA), 57 cases for MDM2 (clone IF2; Zymed Laboratories, South San Francisco, CA, USA), and 30 cases for HMGA2 (clone HMGA2-P1; Biocheck, Foster City, CA, USA) according to standard procedures. 19, 20 The staining was considered as positive when at least one cell nucleus per high-power field was strongly stained.
Statistical Analysis
Date of histological diagnosis was used for date of diagnosis. Statistical comparisons were performed by using χ 2 or Fisher's exact tests for categorical data. The Kaplan-Meier method was used to estimate the time to survival rates, which were compared by the log-rank test. P-value ≤ 0.05 was significant. For analysis of factors influencing survival, the variables tested were gender, age at diagnosis, history of cancer, histological subtype, the French Sarcoma Group grading, complete remission after first treatment, node involvement, metastatic status, CDK4 amplification, HMGA2 amplification, and JUN amplification. If variables were significantly associated with survival in the univariate analysis, a multivariate analysis using Cox proportional hazards regression was performed. The R-3.1.1 statistical software for Windows was used.
Results
Clinical and Histological Features
The 116 MDM2-amplified samples included 48 dedifferentiated liposarcomas and 68 atypical lipomatous tumors/well-differentiated liposarcomas ( Table 2) HMGA2: a prognostic biomarker in liposarcomas associated with: (i) axial location (Po0.001), (ii) grade 3 (Po0.001), (iii) prescription of chemotherapy (P = 0.02), (iv) recurrent status (P = 0.07), and (v) lack of complete remission after the first treatment (P = 0.02).
Expression and Amplification of MDM2, CDK4, JUN, and HMGA2 in Atypical Lipomatous Tumors/WellDifferentiated Liposarcomas and Dedifferentiated Liposarcomas
A positive MDM2 staining using immunohistochemistry was observed in 49 of the 57 analyzed cases (86%): the eight negative cases were atypical lipomatous tumors/well-differentiated liposarcomas; all the dedifferentiated liposarcomas showed a positive expression for MDM2 (P = 0.02). CDK4 amplification was significantly associated with dedifferentiated liposarcoma histotype (88.2% dedifferentiated liposarcomas vs 58.9% atypical lipomatous tumors/well-differentiated liposarcomas, (Figure 2b ).
Molecular Markers and Clinical Correlations
CDK4 amplification was associated with an axial tumor location (66% vs 39%, P = 0.05). Amplification of 5′-UTR and exons 1-3 of HMGA2 was associated with a tumor size 4150 mm (57% vs 17%, P = 0.05), primary status (82% vs 33%, P = 0.02), and grade 1 (68% vs 0%, P = 0.004). JUN amplification was associated with grade 3 (35% vs 12%, P = 0.07) and use of radiotherapy (44% vs 12%, P = 0.06).
Survival and Prognosis Data
Median follow-up duration was 40.7 months (95% CI: 32.0-45.5). Median overall survival was not reached at the time of analysis for the atypical lipomatous tumor/ well-differentiated liposarcoma group and was equal to 27.7 months for dedifferentiated liposarcomas. The 2-year (2y) overall survival rate was 98% for atypical lipomatous tumors/well-differentiated liposarcomas and 55.3% for dedifferentiated liposarcomas (Po0.001) (Figure 3a) . Patients for whom a complete remission was initially obtained had a better prognosis compared with those with residual tumors (2y overall survival: 95.7% vs 45%, Po0.001). Shorter overall survival was observed in patients aged 464 years (2y overall survival: 74.5% vs 87.3%, P = 0.03), patients treated by chemotherapy in first intent (2y overall survival: 42.4% vs 93.8%, Po0.001) and absence of surgery (2y overall survival: 33.3% vs 86.2%, P = 0.003), both because of initial unresectability of the tumor. Shorter overall survival was correlated with grade 3 (2y overall survival: 41% vs 100% for grade 1, Po0.001) (Figure 3b ), distant metastasis (2y overall survival: 40% vs 87.3%, Po0.001) (Figure 3c) , and node involvement (2y overall survival: 50% vs 86%, P = 0.006). Shorter overall survival was associated with CDK4 amplification (2y overall survival: 79.8% vs 94.7%, P = 0.07) (Figure 3d ) and CDK4-positive immunohistochemistry staining (2y overall survival: 79.7% vs 100%, P = 0.03) but neither with amplification of JUN (P = 0.2) nor 5′-UTR and exons 1-3 of amplification of HMGA2 (P = 0.3). Multivariate analysis confirmed the prognostic role of distant metastasis (HR = 8.8; 95% CI: 1.6-49-2) and grade 3 (HR = 18.2; 95% CI: 1.8-182.7).
A shorter recurrence-free survival was associated with histology of dedifferentiated liposarcoma (2y recurrence-free survival: 38.5% vs 92%, Po0.0001) (Figure 4a ), grade 3 (2y recurrence-free survival: 44% vs 97%, Po0.0001) (Figure 4b ), node involvement (2y recurrence-free survival: 0 vs 74%, Po0.0001), distant metastasis (2y recurrence-free survival: 0 vs 74%, HMGA2: a prognostic biomarker in liposarcomas P = 0.02), recurrent status (P = 0.009), axial location (P = 0.001), and absence of complete remission after first treatment (2y recurrence-free survival: 25% vs 73%, P = 0.0002). CDK4 amplification (2y recurrencefree survival: 67% vs 93%, P = 0.05) (Figure 4c ) and JUN amplification (2y recurrence-free survival: 38% vs 64.2%, P = 0.07) ( Figure 4d ) were associated with shorter recurrence-free survival. Amplification of 5′-UTR and exons 1-3 (2y recurrence-free survival: 69% vs 40%, P = 0.08) (Figure 4e ) and 3′-UTR (2y recurrence-free survival: 84% vs 52%, P = 0.01) (Figure 4f ) of HMGA2 was associated with longer recurrence-free survival. Multivariate analysis confirmed a shorter recurrence-free survival for metastatic patients (HR = 5.8; 95% CI: 1.1-30).
Detailed Medical History and Molecular Data of Case 74
The tumor sample of case 74 was a dedifferentiated liposarcoma analyzed in 2009. Because we had studied several preceding and subsequent samples from this patient (from 1999 to 2014), we compared the histological and genomic features of these successive samples. The patient was 53 years old when she was diagnosed with a retroperitoneal grade 1 well-differentiated liposarcoma in 1999. Molecular cytogenetic analysis of the tumor after complete resection showed ring chromosomes containing amplified sequences from the chromosomes 12 and 1. In particular, MDM2 and CDK4 were amplified (Table 4) . Only a moderate gain of HMGA2 was detected. JUN and MAP3K5 were not amplified. A second enlarged surgery of intra-abdominal and retroperitoneal relapse was performed in 2008 and followed by hyperthermic intraperitoneal chemotherapy. The recurrent tumor was an undifferentiated grade 3 sarcoma. The presence of amplification of MDM2 and CDK4 and absence of HMGA2 amplification detected by FISH was in favor of a dedifferentiation of the previous well-differentiated liposarcoma. CGH analysis showed more complex anomalies than for the initial well-differentiated liposarcoma (Supplementary Table 2 ), including the occurrence of JUN amplification (Table 4 ). In July 2009, a lytic lesion of the 11th right rib and a mass of the right flank were both completely resected. Histological analyses indicated a relapse of the dedifferentiated liposarcoma. FISH and CGH analyses showed amplification of MDM2, CDK4, JUN, and gain of HMGA2. A macroscopically complete resection was performed and a regular follow-up was resumed. In 2011, a mass of the right thoracic wall was resected. Margins were microscopically involved; histological and molecular analyses confirmed a third relapse with amplification 
Discussion
The role of HMGA2 in adipose tumors is intriguing
and not yet elucidated. When we started this study, information about the genomic status of HMGA2 in liposarcoma was scarce. A high frequency of the amplification of HMGA2 in well-differentiated liposarcoma had indeed been reported by our group 5, 19 and by others. 6, 10, 21 Altogether, the available data had been obtained by heterogeneous methods including FISH, 5, 19, 22 qRT-PCR, 19 Southern blotting, 21 or CGH, 6 and the total number of patients studied was small. Here, we used FISH in a large series of 116 atypical lipomatous tumors/well-differentiated liposarcomas and dedifferentiated liposarcomas and we demonstrated that amplification of HMGA2 was significantly associated with atypical lipomatous tumor/well-differentiated liposarcoma, whereas the absence of amplification of HMGA2 was associated with dedifferentiated liposarcoma. We chose FISH analysis because we believed that it was a more appropriate and a more sensitive method than array-CGH to detect amplifications either concerning only a segment of a gene (in particular, various segments of HMGA2) or only a fraction of the cell population. Our conclusions are in agreement with those of Dreux et al 23 who observed a positive HMGA2 protein expression using immunohistochemistry in 86% of 43 atypical lipomatous tumors/well-differentiated liposarcomas and 67% of 69 dedifferentiated liposarcomas (P = 0.02) and with those of Tap et al 6 who found HMGA2 amplified in 100% of 21 atypical lipomatous tumor/well-differentiated liposarcomas, whereas it was amplified only in 15 of 17 dedifferentiated liposarcomas (88%). HMGA2 amplification was associated with favorable features such as absence of node involvement, primary status, and grade 1, as well as longer recurrence-free survival in both atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma patients. This better prognosis seems specific to adipose tumors as alterations of HMGA2 have been associated with bad prognosis in several other tumor types, mainly carcinomas. [24] [25] [26] Our observations are reminiscent of the positive role of HMGA2 in adipocytic differentiation. Indeed, hmga2 − / − mice show a pygmy phenotype characterized by a small size and a deficiency in fat tissue, 27 whereas overexpression of a truncated HMGA2: a prognostic biomarker in liposarcomas hmga2 gene induces gigantism and lipomatosis in murine models. 28 Moreover, HMGA2 is involved in cell differentiation. 29 For instance, HMGA2 is expressed in yolk sac testicular germ cell tumors and in embryonal carcinomas but not in intratubular germ cell tumor and seminomas; 30 it is expressed in low-grade gliomas but not in glioblastomas. 31 Altogether, these observations suggest that HMGA2 also interferes with cell proliferation by promoting cell differentiation. We also confirmed that the exons 1-3 of HMGA2-which encode the three DNA AT-hook-binding domains-were more frequently amplified compared with exons 4-5 (88% vs 76%). 5, 19 Importantly, it has been previously shown that the expression of a truncated form of HMGA2 that retained only the three DNA-binding domains was sufficient to induce malignant transformation of fibroblasts. 32 More recently, Taylor et al 33 studied the genome, exome, transcriptome, and methylome of primary and recurrent cases of dedifferentiated liposarcomas and showed that HMGA2 lacked its 3′-UTR in both tumors. Altogether, those results support the notion that HMGA2 oncogenicity is mediated by its first three exons and the loss of its regulatory negative 3′-UTR.
HMGA2 is rearranged and overexpressed in a majority of lipomas, 19 amplified, rearranged, and overexpressed in most atypical lipomatous tumors/ well-differentiated liposarcomas 5 and in a significant proportion of dedifferentiated liposarcomas. This suggests that HMGA2 may be the cornerstone of a genetic continuum among the lineage of differentiated adipocytic tumors. The expression of HMGA2 may maintain a degree of adipocytic differentiation. 28, 34 Conversely, lack of HMGA2 expression when MDM2 is amplified may favor dedifferentiation. 27 The role of HMGA2 in tumorigenesis might therefore be alternately pro-or antioncogenic 35 according to the molecular context. Indeed, HMGA2 accumulates on the chromatin of senescent fibroblasts and cooperates with p16INK4a to stop proliferation and contribute to oncogene repression. 35 Interestingly, this antiproliferative action was bypassed by an overexpression of MDM2 or CDK4, 35 which is the particular cellular context of atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma. This may explain how HMGA2 might be the lever arm of the proliferation/dedifferentiation in MDM2/CDK4-amplified adipocytic tumors.
In the present series, CDK4 was not amplified in 24% of atypical lipomatous tumors/well-differentiated liposarcomas and 14% of dedifferentiated liposarcomas. This confirms that the coamplification of CDK4 is not necessary in MDM2-amplified atypical lipomatous tumor/well-differentiated liposarcoma and dedifferentiated liposarcoma. 6,9 CDK4 amplification was significantly associated with axial location, dedifferentiated liposarcoma phenotype, shorter recurrence-free survival, and overall survival. Altogether, the amplification of CDK4 appears as a negative event in liposarcoma. 9 Moreover, some of the genes located within the sequence targeted by the BAC clone RP11-571M6 containing CDK4 may also have a role. In this setting, Tap et al 6 studied the amplification status of genes in the vicinity of CDK4 in well-differentiated liposarcomas/dedifferentiated liposarcomas. They found a frequent amplification of the genes involved in cell growth, motility, and proliferation.
JUN amplification was significantly associated with dedifferentiated liposarcoma subtype, as suggested in smaller series. 6, 15, 33 This correlation might suggest a role of JUN in dedifferentiation. 15 However, JUN amplification is also observed in some atypical lipomatous tumors/well-differentiated liposarcomas without any sign of dedifferentiation. In previous reports, a majority of dedifferentiated liposarcomas did not show any amplification of JUN. 6, 15, 36, 37 Moreover, Chibon et al 13 showed that neither JUN nor MAP3K5 (ASK1) were overexpressed or amplified in one-third of dedifferentiated liposarcoma cases. In vitro and in vivo analyses showed that overexpression and amplification of JUN did not 
, a drug that requires an activation of the JUN pathway to induce apoptosis, was evaluated in a phase II trial in advanced dedifferentiated liposarcomas and failed to demonstrate any benefit. 38 To the best of our knowledge, we describe for the first time the comprehensive genomic analysis of several tumors from a same patient, including a primary well-differentiated liposarcoma and the four successive dedifferentiated liposarcoma recurrences. This analysis gives some clues on well-differentiated liposarcoma-dedifferentiated liposarcoma genesis. Besides the early and constant amplification of MDM2, several additional features are of interest: (i) CDK4 was amplified in all tumors (except the third recurrence where a gain was noted, which could be explained by a technical artifact); (ii) JUN amplification was not initially detectable but occurred concomitantly with the dedifferentiation of the tumor and persisted in all successive relapses; (iii) MAP3K5 amplification was detected only in the fourth recurrence, demonstrating that MAP3K5 and JUN amplifications are not mutually exclusive events; (iv) HMGA2 showed only a moderate gain in the primary tumor and first recurrences. This absence of amplification may have favored the dedifferentiation process. Remarkably, HMGA2 was amplified in the fourth relapse (2014). This late amplification is perhaps related to a functional determinism to counteract the synergistic effect of the coamplification of JUN and MAP3K5 in this last relapse; (v) we observed both variability and an increasing complexity of the additional genomic abnormalities throughout the successive recurrences. The genomic profile of the primary welldifferentiated liposarcoma was quite simple, which underlines the predominance of the 12q13-15 region amplification. In this setting, Taylor et al 33 confirmed that the 12q amplicon structure was organized around the MDM2 amplification. Those specific amplicons follow progressive rearrangements and amplifications that lead to distinct clustering rearrangements between primary and recurrent dedifferentiated liposarcoma. On the other hand, one cannot exclude the existence of a potential minority dedifferentiated clone pre-existing in the initial well-differentiated liposarcoma. Indeed, the occurrence of JUN amplification was correlated with a dedifferentiated phenotype. Although no dedifferentiated liposarcoma cells were detected in the multiple tumor blocks of the primary tumor, the early presence of overlooked dedifferentiated foci cannot be definitely excluded. Both the hypothesis of a clonal heterogeneity and of a progressive onset of JUN or MAP3K5 amplification have to be considered. Nord et al 16 showed that HMGA2, JUN, CDK4, or MAP3K5 are among other oncogenes amplified in sarcomas with MDM2-positive rings. In contrast with the genetic complexity of the ring chromosome, the karyotype of the MDM2-positive ring chromosomes was quite simple, suggesting that their formation was an early genetic event and that the content of these rings was sufficient for tumor development. 16 In summary, we have shown that, among atypical lipomatous tumors/well-differentiated liposarcomas and dedifferentiated liposarcomas, the amplification of HMGA2 was associated with the atypical lipomatous tumor/well-differentiated liposarcoma subtype and a good prognosis, whereas CDK4 and JUN amplification were associated with dedifferentiated liposarcoma histology and a poor outcome. Although HMGA2 and MDM2 might be implicated in the early process of the atypical lipomatous tumor/ well-differentiated liposarcoma and dedifferentiated liposarcoma genesis, CDK4 and JUN may have a secondary role in the genesis of those tumors but a negative oncogenic effect. 
